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Introduction

Initial screening for a liver condition usually starts with an
ultrasound scan and blood tests and may be followed by other
imaging tests, such as CT or MRI, to obtain further information.
Ultrasound is particularly suitable for differentiating solid
masses from liquid ones. In addition, an ultrasound examination
can evaluate diffuse liver diseases, like fatty liver or hepatitis.
Nowadays, the extended connectivity and the multimodality
approach open new horizons in radiology imaging, where
ultrasound devices may play a central role in Cross-Modality
Imaging.

Background

The first real-time sonography device, the so-called “fast
B-scan”, was introduced in 1965. Sonography has been
an essential part of daily clinical diagnostics for more than
50 years and is guided by the most modern technological
developments. Over the last 20 years, many technological
advances, such as advanced signal processing and new
transducer generation, have been reached to push the
limitations of ultrasound techniques to provide excellent
image quality for screening and monitoring. Furthermore,
intensive research and developments led to the creation and
integration of new technologies that can be grouped into four
major diagnostic tools:

1) Elastosonography and 2D Shear-Wave techniques

2D Shear-Wave elastosonography enables a stiffness map
and quantitatively assesses the tissue stiffness.

2) Attenuation imaging

Attenuation imaging enables the visualisation and quanti-
fication of the attenuation along the liver depth to assess
hepatic steatosis.

3) Contrast-Enhanced Ultrasound (CEUS)

The ultrasound contrast agent, CEUS makes it possible to
detect organ perfusion and additionally characterise liver
lesions.

4) Fusion imaging

Fusion imaging technology combines an existing CT or
MRI dataset with a real-time ultrasound examination.

Following a description of the main technologies used in
screening and monitoring, these new techniques, briefly
outlined here, will be reported in detail below.




Ultrasound liver screening and monitoring

The echo structure and vascularisation are the two main
elements of liver screening. Because of wide interpatient
variability (due to the presence of fat, gas, or other factors),
the quality of liver visualisation and lesion detection may
be affected. Esaote has developed specific technologies to
overcome the limitations of the ultrasound technique and
provide excellent image quality even in challenging patients
and conditions.

XCrystal probe technology

Associated with the new generation of signal post-processing,
XCrystal technology enables details sharpness even in very deep
areas to achieve homogenous and resolutive images (Fig. 1).
Furthermore besides traditional shape of convex transducers,
Esaote offers a Zero-degree biopsy probe to facilitate the
interventional procedure (Fig. 2).
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Fig. 1: Sensitivity graph comparing the usage of a single crystal array versus a PZT
technology array

Fig. 2: 36 year-old male patient with a large, hyperechoic lesion (yellow arrows) in
a non-cirrhotic liver in B-mode ultrasound imaging

microV

Esaote has developed an adaptive algorithm that effectively
separates flow signals from overlaying tissue motion artefacts
and background noise. microV is the latest technology by Esaote,
with a high degree of sensitivity even for very small vessels
and slow flows, which enables hemodynamic evaluation with
high sensitivity and high spatial resolution (Fig. 3).

Conventional Doppler microV

Fig. 3: Image representing sensitivity in terms of vascularisation visualisation be-
tween Power Doppler Technique and microV technology.

microV can distinguish between signals coming from flows
and other sources with very low flow signal preservation
compared to conventional Doppler techniques (Fig. 4).

Fig. 4: The hyperechoic lesion does not display any increase in vascularisation
with microV technology
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“Staging liver fibrosis and portal hypertension are important for monitoring, prognosis and
treatment. In the meantime, the ultrasound attenuation imaging technique may become
a promising method of choice for the assessment of liver steatosis.”

Prof. Carlo Filice

US in Infectious Diseases - University of Pavia - San Matteo Hospital, Pavia (Italy)

Dr. Laura Maiocchi

Infectious Diseases Department 1 - US in Infectious Diseases -
San Matteo Hospital, Pavia (Italy)

Stiffness and Attenuation Assessment
Background

Chronic liverdisease is aworldwide problem with causes ranging
fromviral infection and NAFLD (nonalcoholic fatty liver disease)
to ALD (alcoholic liver disease), cholestatic liver disease and AlH
(autoimmune hepatitis), all resulting in an abnormal increase in
collagen deposition and other components of the extracellular
matrix in the liver. This leads to liver cirrhosis, with ensuing
portal hypertension, impaired liver function, decompensated
liver cirrhosis (ascites, encephalopathy, variceal haemorrhage,
jaundice) and hepatocellular carcinoma.

Staging liver fibrosis and portal hypertension are important
for monitoring, prognosis and treatment.

Liver biopsy and catheter-directed measurement of the
hepatic venous pressure gradient (HVPG) remain the
benchmark diagnostic methods, but they are invasive, with
possible morbidity and may require hospitalisation. Liver
biopsy (LB) is the gold standard for assessing liver fibrosis,
but known limitations are small sample size (1/5000 x the
whole liver tissue) with possible sampling error and wide
inter-observer variability. As an invasive procedure, it is also
not readily accepted by many patients. Moreover, HVPG
measurement is available in expert centres only.

Non-invasive methods of fibrosis evaluation have been
developed to address these problems, and elastographic
techniques - which provide a surrogate biomarker of liver
fibrosis - are currently considered viable alternatives to liver
biopsy in several clinical scenarios.

According to EFSUMB and WFUMB guidelinest™? the US
elastography can be divided into strain elastography (SE) and
shear-wave elastography (SWE). The latter includes vibration-
controlled transient elastography (TE, FibroScan, Echosens,
Paris, France), performed with a dedicated device, and acoustic
radiation force impulse (ARFI) techniques, performed with
ultrasound systems. The ARFI techniques are point shear-
wave elastography (SWE) and 2D-SWE.

The 2D-SWE ultrasound technique has several advantages,
asitis:

- non-invasive

- complementary to a B-Mode liver evaluation

- less expensive than MRI elastography

- more available than MRI elastography

- an easy and repeatable technique

Due to the overlap between stiffness values, guidelines do not
suggest the use of SWE to differentiate benign and malignant
focal liver lesions, but they recommend SWE techniques:

- to rule out compensated advanced chronic liver disease
(cACLD)when in agreement with the clinical and laboratory
data and values are within the normal range

- to rule out cirrhosis

- to evaluate, as a first-line assessment, the severity of liver
fibrosis even if they are much less reliable in differentiating
intermediate stages of fibrosis®.

For all equipment, a SWE measurement within the normal
range, in a subject without other clinical or laboratory evidence
of liver disease, may exclude significant liver fibrosis with a
high degree of certainty. For both VCTE and ARFI-based
techniques, there is consensus that values <5 kPa (1.3 m/s)
are highly likely to be normal.

In 2020, an update to the Society of Radiologists’ Ultrasound
Liver Elastography Consensus Statement proposed a neutral
“rule of four” (5, 9, 13, 17 kPa) for ARFI techniques for viral
etiologies and NAFLDM.

This rule proposes different cut-offs for the interpretation of
liver stiffness:

- 5kPa (1.3 m/sec) or lower: highly likely to be normal

- lower than 9 kPa (1.7 m/sec): in the absence of other
known clinical signs, rules out cACLD

- between 9 kPa (1.7 m/sec) and 13 kPa (2.1 m/sec): sugges-
tive of cACLD but may need further tests for confirmation

- higher than 13 kPa (2.1 m/sec): highly suggestive of cACLD

- higher than 17 kPa (2.4 m/sec), probability of CSPH but
additional patient testing may be required.

Even in case of NAFLD, the cut-off values for cACLD may be
lower and a follow-up or additional testing is recommended
in patients with values between 7 and 9 kPa.

Hepatic steatosis is the main manifestation of non-alcoholic
fatty liver disease (NAFLD), the prevalence of which reaches
16-30% within the general population, both adults and
children. It is higher in cases of severe obesity and in patients
with metabolic syndrome and type-2 diabetes mellitus. The
main characteristic of NAFLD is the high quantity of fat
stored in liver cells due to the accumulation of triglycerides
and fats within the hepatocytes, reflecting impairment of
normal processes of synthesis and elimination of fat.

Despite liver biopsyand MRI proton density fat fraction (MRI-
PDFF)®>7 being methods of choice for evaluating the fat
infiltration in the liver, ultrasound signal rate of attenuation
along the depth appears to be a strongly positively parameter
correlated to liver fat content!?,




The attenuation rate is a quantitative measure, and therefore
less operator-dependent, can be interpreted using clinical
and laboratory data, enabling the evaluation of steatosis,
particularly for patient follow-up.

Attenuation measurement can be provided as a single global
measure over a Region of Interest (ROI) or as a colour-coded
image overlapped with the B-Mode image, encoding the local
attenuation value for each pixel.

Ultrasound attenuation imaging technique may become
a promising method of choice for the assessment of liver
steatosis for several advantages, such as the fact that it is
non-invasive, complementary to a B-Mode liver evaluation,
less expensive and more available than MRI examination, and
a repeatable technique.

Esaote QElaXto 2D technology

QElaXto 2D is a Shear-Wave Elastosonography (SWE)
technique from Esaote that alternates multiple perturbations
and reading phases, making it possible to detect stiffness in a
small tissue sample. The system creates multiple shocks close
to the sample box, that induce shear-waves. It then tracks
the radiofrequency (RF) signal of the tissue displacement on
different strips of the sample inside the box and measures
the shear-wave velocity for each strip. Secondly, the velocity
is associated with a colour map, then QElaXto 2D encodes
each strip with colour pixels, to produce a multi-coloured
representation of the stiffness in the sample (Fig. 5). The
operator has the option to change the scale of the stiffness
representation, which can be reported in either m/s or kPal**-12,

To help clinicians obtain reliable measurements, QElaxXto 2D
offers additional tools, namely a dispersion map and rejection
parameter. The dispersion map is the computation of the
standard deviation of the value of each pixel in comparison
with the surrounding ones.

- Green indicates that the reliability is good
- Orange indicates that the reliability is weak

It can be enabled in addition to stiffness imaging in a dual-
mode visualisation.

The rejection parameter indicates to the algorithm the rejection
level for the artefacts, vessels, and weak shear-waves. With
rejection activated, the algorithm does not include the pixels
from the rejected areas in the computation of the values.

ROl Modian

Fig. 5: 2D-SWE examination in a healthy patient with a median value of 4.72 kPa
and IQR/m of 17%. The quality map on the left side of the image is highlighted in
green to indicate a high-quality examination

Esaote QAI Technology

QA (Q-Attenuation Imaging) is an ultrasound technique for
the visualisation and quantification of the attenuation along
the liver depth to understand the information displayed during
the fat content assessment from Esaote S.p.A. (Genoa, Italy).
QAlisevaluated onthe MylLab™9eXP ultrasound platform and
provides a quantitative liver attenuation assessment with the
probe C 1-8, a single crystal convex transducer. When QAl is
active, a dedicated menu is displayed on the touchscreen to
facilitate the workflow and acquisitions. The US tissue signal
decays exponentially according to penetration depth, with
a factor depending on frequency and on attenuation rate,
which is characteristic for the specific tissue.

QAI enables a real-time, continuous colour-coded image
of the attenuation inside the ROI and offers a dual display
mode (Fig. 6). The operator can adjust the transparency of
the colour-coded image of the attenuation visualisation.

Fig. é: QAIl technology - QAI acquisition on a patient with dual-mode
visualisation. The automatic rejection parameter can cope with speckle, electronic
noise, and local variations in echogenicity, and reject them in the colour-coded
representation of the attenuation

Esaote QAI and QElaXto 2D measurements

Clinicians must perform five valid measurements inside the
sample box to obtain a quantitative assessment, by putting
the measurement ROI (region of interest) - which can be
a manual trace, a circle, an ellipse, or a vertex - in an area
of the liver, free from vessels, bile ducts, and artefacts.
Consequently, clinicians can perform a quantitative
measurement inside the box, placing the ROl in an area free
of vessels, bile ducts, and artefacts.

QElaXto 2D and QAI can provide the following measure-
ments:

- Median (MED) in kPa or m/s for QElaXto 2D and dB/cm/
MHz for QAI
- IQR/MED in %

The software also provides additional measurements, such as:

- Average (AVG) in kPa or m/s for QElaXto 2D and dB/cm/
MHz for QA

- Standard Deviation (SD) in kPa or m/s for QElaXto 2D and
dB/cm/MHz for QA
Interquartile Range (IQR) in kPa or m/s for QElaXto 2D
and dB/cm/MHz for QA

Liver Total Approach



According to the guidelines, three to five valid measurements
are adequate in the presence of a quality assessment
provided by the manufacturer. The session (ended after five
good acquisitions) can be considered reliable when IQR/MED
< 30%.
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Fig. 7: Patient position for a 2D-SWE examination - Patient in decubitus position
with his right arm above his head and the convex probe on the intercostal access

General recommendations for QElaXto 2D!14

- Measurement of liver stiffness by SWE should be
performed through the right intercostal space in a supine
position, with the right arm extended, with the patient
holding their breath, avoiding deep inspiration beforehand
(Fig. 7)

- Measurement of liver stiffness by SWE should be
performed by experienced operators

- Measurement of liver stiffness by 2D-SWE should be
performed at least 10 mm below the liver capsule

- Patients should fast for a minimum of 2-4 hours and rest
for a minimum of 10 minutes before undergoing liver
stiffness measurement (LSM) with SWE

- The major potential confounding factors (liver
inflammation indicated by AST and/or ALT elevation > 5
times the normal limits, obstructive cholestasis, liver
congestion, acute hepatitis, and infiltrative liver diseases)
should be ruled out before performing LSM with SWE, to
avoid an overestimation of liver fibrosis and/or should be
considered when interpreting the SWE results

- SWE within the normal range can rule out significant liver
fibrosis when the clinical and laboratory background al-
lows

- Adequate B-Mode liver imaging is a prerequisite for 2D-
SWE measurements

- For 2D-SWE, a minimum of three to five measurements
should be obtained; the final result should be expressed
as the median together with the interquartile range. An
IQR/M < 30% is the most important reliability criterion

- The results with the lowest variability in 2D-SWE systems
may be obtained at a depth of 4-5 cm from the transduc-
ers.

The Society of Radiologists update on ultrasound

As suggested by the latest guidelines, the evaluation of the
progression of liver diseases and the staging of liver diseases

are the most important factors for evaluating the prognosis,
monitoring and treatment indications, given that fibrosis is
a dynamic process and patients with a higher stage of liver
fibrosis (F3-F4) are at higher risk of clinical complications.
Therefore, a consensus panel recently suggested the vendor-
independent “rule of four” (5, 9, 13, 17 kPa) for the RF pulse
energy techniques (Table 1). The rule of four should be used in
hepatopathies of viral etiologies and in patients with NAFLD.

For other etiologies, such as alcoholic hepatitis, primary biliary
cirrhosis, Wilson disease, autoimmune hepatitis, sclerosing
cholangitis, and drug-induced liver disease, there is as yet
insufficient data to give the same indication.

Liver Stiffness Recommendations

< 5kPa (1.3 m/seq) Highly likely to be normal

< 9 kPa (1.7 m/sec) Without other clinical signs, rules out cACLD.
In presence of clinical signs, may need a

further test for confirmation

9-13 kPa (1.7-2.1 m/sec) Suggestive of cACLD but needs further test
for confirmation (Fig. 8)

17 kPa (2.4 m/sec) Suggestive of CSPH

Keys: cACLD = compensated advanced chronic liver disease; CSPH = clinically
significant portal hypertension

Table 1: Rule of four established for the use of 2D-SWE technique in ultrasound
for fibrosis staging

Fig. 8: 2D-SWE examination performed on a patient with known hepatitis C.
A median value of 11.66 kPa and IQR/M of 22% were measured. The quality map
confirmed the quality of the examination

Cut-off for Esaote systems regarding steatosis and fibrosis

A study is underway in patients with metabolic diseases, in
which the Esaote US system measures liver stiffness and
attenuation.

Liver fibrosis and steatosis are quantified by liver biopsy and
we will provide our cut-off values both for significant fibrosis
and steatosis.

The first results showed good intra- and inter-observer
reproducibility and suggested cut-offs of 0.61 dB/cm/MHz
for mild steatosis (S >1) and 0.72 dB/cm/MHz for significant
steatosis (S>2)1231,




“Real technological developments have been integrated with elastosonography techniques
and fusion imaging for use during liver ultrasound examinations. Over the past 10 years,
ultrasound tools like CEUS, have become invaluable in the follow-up of patients.”

Prof. Dirk-André Clevert

Detection and characterization of liver
lesions by contrast agent enhancement
Background

Liver ultrasound scans are commonly used as first-line
imaging for evaluating focal liver lesions. It is important to
differentiate benign masses from malignant ones. The liver is
the most common site of metastatic lesions. Approximately
25-50% of patients with a primary malignancy have liver
metastases at the time of diagnosis!*!, while the prevalence
of liver lesions in the general population is only about 5%,

Determining further therapy (surgical resection versus inter-
ventional therapy) depends on the size, number, and location
of the liver metastases!t”.

Therefore, accurate detection!®®”) and characterisation of
hepatic masses areimportant for determining disease prognosis
and making decisions regarding patient management.

Since non-invasive techniques cannot provide a tissue diagnosis,
histopathology of core biopsies is the gold standard for the final
diagnosis of liver lesions!??,

An enhanced ultrasound examination is often labelled as a
contrast-enhanced ultrasound or CEUS examination. Each
examination starts with a patient informed consent form.
This form should include information about the potential
risks and side effects, such as an anaphylactic reaction. The
incidence of allergic reactions is reported in the literature as
up to 1/10,000 cases. In comparison with iodine-containing
contrast agents used in multi-slice computed tomography,
the risk is much lower?'22. There have been no reports
of cardio-, nephro-, thyroid, or hepatotoxicity following
ultrasound contrast agent administration; it is, therefore,
unnecessary to request or check laboratory values before the
examination!?0:2223],

In Europe, SonoVue®* from the Bracco Company (Milan, Italy)
is available as an ultrasound contrast agent. This contrast
agent contains 1-10 um in size microbubbles, which include
an inert gas known as “sulfur hexafluoride”. The bubbles are
stabilised by a phospholipid shell. In comparison with the
contrast agents for computed tomography and magnetic
resonance imaging, which pass into the interstitial space, this
ultrasound contrast agent remains in the vascular space. This
technique allows us to detect organ perfusion in real-time
imaging!?2>28 - Gas components of the ultrasound contrast
agent will be eliminated via the respiratory tract.

*SonoVue® is a registered trademark of Bracco Imaging S.p.A.

Head of Ultrasound Department - Munich University, Germany

CnTI™ - Esaote Contrast Enhanced Ultrasound Technology

CnTI™ (Contrast Tuned Imaging) is an Esaote advanced
technology for Contrast Enhanced Ultrasound (CEUS) imaging.
Based on low mechanical index and real-time scanning,
CnTI™ represents the best way to use second-generation
contrast media (CM) and prevents the microbubbles from
being destroyed too quickly.

Findings and procedure

Due to the high impedance between blood and bubbles,
sound waves will be reflected from the surface of the
microbubbles. Furthermore, due to the ultrasound frequency,
the microbubbles additionally oscillate generating a contrast-
specific signal with higher frequency componentsi?/281,

For asingle CEUS examination, 1.0 to 2.4 cc of the ultrasound
contrast agent will be intravenously injected as a bolus.
Immediately afterwards, 10 cc of 0.9 % saline is administered
as a bolus to flush the IV linel¢],

Contrast-enhanced ultrasound of the liver has three overlapping
vascular phases after the injection of the contrast agent because
of the dual blood supply of the liver, i.e., the hepatic artery and
portal vein (Table 2).

- The arterial phase provides information on the degree and
pattern of the arterial vascular supply of a focal liver lesion.

- The portal venous phase represents the arrival of an ultrasound
contrast agent through the portal system, resulting in diffuse
and maximal enhancement of the normal liver parenchyma.

- The late phase lasts until the ultrasound contrast agent is
cleared from the circulation and depends on the dose, total
scanning time, acoustic power output, and sensitivity of the
ultrasound system.

Phase Start (sec.) End (sec.)

Arterial 10-20 30 - 45

Portal venous 30 - 45 120

Late >120 bubble disappearance (approx. 4 - 8 min)

Table 2: Vascular phases in CEUS of the liver (visualization of post-injection time)???!

The potential applications of CEUS imaging include all liver
lesions. The lesions can be divided into benign (Table 3) and
malignant liver lesions (Table 4). Additionally, the liver tissue
perfusion and liver vessels can be monitored. In addition to
primary diagnostics and intervention, CEUS imaging can be used
in the operating room or the intensive care unit.

Liver Total Approach



Arterial phase Portal venous

Late phase

pumey (10-30s) phase (10-30s)  (10-30s)
Hemangioma  Peripheral nodular Partial/complete Incomplete
Fig.9,10,11 enhancement centripetal fill-in  or complete
enhancement
Focal nodular ~ Hyper- Hyper- Iso-/hyper-
hyperplasia enhancement enhancement enhancing
Fig.12,13,14 from the center,
complete, early
Hepatocellular Hyper- Iso- Iso-
adenoma enhancement enhancement enhancement
complete
Focal fatty Iso-enhancement  Iso- Iso-
infiltration enhancement enhancement
Focal fatty Iso-enhancement  Iso- Iso-
sparing enhancement enhancement
Abscess Peripheral nodular Hyper/Iso- Hypo-enhancing
enhancement, enhancement rim, no central
no central rim, no central enhancement
enhancement enhancement
Simple cyst Non-enhancing Non-enhancing ~ Non-enhancing

Table 3: Typical enhancement patterns of benign focal liver lesions!??!.

Fig. 12: Strong early enhancement of the lesion in

the arterial phase

Tumor Arterial phase Portal venous Late phase

(10-30s) phase (10-30 s) (10-309)
Metastasis Rim enhancement Hypo-enhancement Hypo-/non-
Fig. 15,16,17 enhancement
HCC Hyper- Iso-enhancement Hypo-/non-
(Hepato enhancement enhancement
carcinoma) from the center,

complete, early

CCC Rim-like hyper Hypo-enhancement Hypo-/non-
(Cholangio- enhancement enhancement
carcinoma)

Table 4: Typical enhancement patterns of malignant focal liver lesions!??.

Conventional ultrasound is the most frequently used modality
for the primary imaging of abdominal organs, including the
liver, but is less sensitive in the detection of focal liver lesions
than contrast-enhanced-CT (CECT) and contrast-enhanced-
MRI (CEMRI).

Several studies®*3¥ have reported that CEUS has a considerably
higher sensitivity of up to 80%-90% in detecting liver metastases,
comparable to CECT® and CEMR|2231],

Fig. 10: Peri-nodule enhancement with nearly complete Fig. 11: Complete filling of the lesion in the late phase;
filling in the portal venous phase final diagnosis: hemangioma

Fig. 13: Hyper-enhancement of the lesion in the Fig. 14: Hyper-enhancement in the late phase with
portal venous phase with central scar central scar; final diagnosis: FNH

Fig. 15: Hypo-enhancement in the arterial phase

Fig. 16: Washout in the portal venous phase Fig. 17: Complete washout in the late phase; final

diagnosis: liver metastasis




Fusion imaging with Virtual Navigator
Background

By providing an additional image from the reference series,
fusion imaging enables real-time correlation of anatomy
between several imaging modalities, thus making it possible
to display continuously reformatted plans from the reference
series matchingthe ultrasound sections. Asecond modality can
be any CT, MR, US, or PET series. It has been possible to fuse
existing CT or MRI data on Esaote ultrasound devices since
200414748 The technology consists of a real-time ultrasound
scanner equipped with an electromagnetic tracking device for
localising ultrasound transducers and providing their position
and orientation in space during a standard liver ultrasound
scan. The information from the tracking de- vice and the 3D
dataset from the second modality is combined to compute
a reformatted slice image that is spatially consistent with
the real-time ultrasound image displayed.®® This advanced
ultrasound technique can be useful for complicated liver
diseases, especially in the following cases! 43

- Lesions better identified with CT, MRI, or PET or not visible
on the US

- Lesions are only seen during arterial phase enhancement

- Follow-up of focal lesion after ablation or resection

- New lesions after previous surgery or ablation

- Lesions are hidden during treatment (the US gassed out)

- Composite ablations requiring multiple needle insertions

- Complex geometries or difficult treatment plans to
identify a safe pathway to the target, such as a difficult US
“window”, or complex insertion angle.

Fusion imaging can also be helpful in young patients and
patients with contraindications for CT scans or unclear CT
findings, reducing the exposure to radiation as well as to
nephrotoxic contrast agents®2>4,
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1 Second Modality Series 4 Electromagnetic Tracking Device
(CT-scan/MRI) (Transmitter)
2 Esaote Ultrasound Scanner 5 Electromagnetic Tracking Antenna
3 Cable connector (Receiver)
on the US scanner 6 Ultrasound Probe
7 Patient

Fig. 18: Tracking solution on Esaote ultrasound system

Materials

Virtual Navigator is an Esaote fusion imaging technology.
The hardware of the ultrasound system needs an additional
magnetic field generator and a position sensor, known as
the antenna, for the ultrasound transducer to perform image
fusion. The antenna makes it possible to detect the position
of the transducer in a three-dimensional field created by
the electromagnetic transmitter. Then the software Virtual
Navigator enables the co-registration of the datasets from a
DICOM®-30 (digital imaging and communication in medicine)
second modality and the real-time ultrasound (Fig. 18).

Fusion imaging Procedure
The procedure is split into three steps:

1. Preparation phase

The operator imports, into the ultrasound device, one or more
DICOM second modalities, such as MRI, CT, and PET, directly
from the PACS or from an external support, such as a CD or
USB stick. Inside the VNav environment, if there is more than
one second modality, the operator can use the automatic
alignment function to align the series (Fig. 19). Thereafter,
the physician identifies the target and fixes it inside the
reference volume by selecting “Ball target” or “Auto-contour”
on the touchscreen of the VNav menu.

Fig. 19: Preparation of a fusion imaging procedure with automatic alignment of
different DICOM modality datasets and target set

2. Ultrasound/2nd modality dataset co-registration

Once the preparation phase has been completed, the system
is ready to start the fusion procedure between MRI or CT
and real-time US data. The easiest way is to perform single-
plane registration selecting the same plane in axial view both
on the US scan and MRI/CT dataset. After confirmation that
the system has registered the two modalities, the system
will compute a reformatted slice image of the 3D dataset
according to the movements of the US transducer. It is
recommended to confirm the registration in the same patient
of the acquisition using the second modality to increase the
accuracy of the alignment. Therefore, some adjustments can
be performed to optimise the co-registration closer to the
target area. VNav offers different possibilities:

Liver Total Approach



- One-point alignment consisting of a real-time selection of the
same point on the US scan and the MRI/CT volume dataset.

- Fine-tuning consists of a real-time selection of the same
plan on the US scan and MRI/CT dataset.

- Internal marker alignment using a trigonometry plan in
both modalities by selecting at least 3 points.

Usually, the same anatomical landmarks are selected on the
US and second modality datasets to perform the alignment
adjustment, such as vessels, trying to pick a target where the
hepatic vascular pattern presented a bifurcation.

3. Navigation phase and interventional procedure

The system is ready to navigate through the two modalities. If
more than one-second modality dataset has been uploaded,
the operator can switch between them at any time as the
reference modality. VNav also offers the possibility to enable a
layout with three modalities together. The clinician can proceed
to the biopsy or the treatment procedure guided by the second
modality (Fig. 20) to reach the lesion more confidently.

Fig. 20: Navigation phase enabling the biopsy channel/line on both modalities for
performing the interventional procedure

Advanced features

VNav technologies offer several advanced tools to facilitate
the fusion procedure.

1. Automatic movement correction

Using the motion sensor, the operator can place a sensor on the
patient that will detect patient movements after co-registration
and automatically correct the changes to maintain the same
alignment between the US and the second modality dataset.

2. Breathing compensation

The motion sensor can also be used to detect the patient’s
respiratory phases since breathing determines a roto-translation
of the liver that can lead to a mismatch of considerable size. A
traffic light will indicate the best matching breathing position,
while an interpolation algorithm will make the second modality
breath synchronously (Fig. 21).

Fig. 21: Fusion imaging procedure using Breathing synchronization tool to in-
crease the accuracy of the alignment

3. AutomaticRegistration based on hepatic segmentation

The automatic registration algorithm works simultaneously on
the US and the second imaging modality volume dataset. It is
based on automatically matching the vessels visible in both
modalities. Automatic registration with hepatic anatomical
markers, usually the vascular tree, was carried out by acquiring
a US plan with colour doppler of the hepatic vascular tree, and
the automatic vessels detection tool of the MRI/CT dataset.

4. AutomaticRegistration with omniTRAX™*

VNav is compatible with CIVCO disposables, and omniTRAX™
is available for MRl and CT acquisition. omniTRAX™ must be
used as the second modality of acquisition from the patient.
Once the patient arrives for the fusion procedure with the
omniTRAX™ in strictly the same position, all the operator
needs to do is position the sensor on the omniTRAX™ and
confirm the co-registration.

5. Needle Tracking

Esaote Needle Tracking technology is additional support for
interventional procedures. This feature will enable the virtual
path of the needle (Fig. 22) to find the best approach and
insertion point to reach the target.

Fig. 22: Needle Tracking tool to identify the best path to reach the target

6. Planning

VNav offers the option to plan the focal treatment and enable
the treated areas according to the chosen therapy.

Liver Total Approach solution

Furthermore, the Virtual Navigator makes it possible to com-
bine different ultrasound Esaote technologies, such as Colour
and Power Doppler, microV, QElaXto 2D, and CnTI™ in real-
time during fusion imaging.

Using all the different ultrasound imaging techniques in real-
time enables comprehensive imaging and characterisation of
the vascularisation of liver lesions+°1,

*omniTRAX™ is a trademark of CIVCO Medical Solutions
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Liver Total Approach solution - Case report

Fig. 23: Complex liver lesion in grayscale obtained with ultrasound examination

Fig. 25: Same liver complex lesion detected by CT

Fig. 27: Image fusion with color Doppler and CT data in the side-by-side mode.
Color Doppler reveals no vascularization of the liver cyst in comparison with CT

Fig. 26: Image fusion with B-Mode and CT-data in the side-by-side setting. Patient
was referred for ultrasound examination due to increased HE value of the liver cyst
in CT. B-Mode sonography of the liver cysts with inhomogeneous multiple septa
(vellow arrow). With the help of image fusion, the cyst can be easily detected with
multiple septa and thickened walls (yellow arrow) in comparison with MS-CT.

Fig. 28: CEUS reveals no vascularization of the liver cyst in the side-by-side mode,
which is in line with a hemorrhagic liver cyst (yellow arrows)

Liver Total Approach




References

1. Dietrich CF, Bamber J, Berzigotti A, et al. EFSUMB Guidelines and Recommendations
on the Clinical Use of Liver Ultrasound Elastography, Update 2017 (Long Version).
Ultraschall Med 2017;38:e16-e47;

2. Ferraioli G, Wong VW, Castera L, et al. Liver Ultrasound Elastography: An Update to
the World Federation for Ultrasound in Medicine and Biology Guidelines and Recom-
mendations. Ultrasound Med Biol 2018;44:2419-2440

3. Ferraioli G et al. How to perform shear wave elastography. Part | Med Ultrason 2022,
Vol. 24, no. 1, 95-106

4. Barr RG et al. Update to the Society of Radiologists in Ultrasound Liver Elastography
Consensus Statement. Radiology 2020;296:263-

5. Caussy C, Reeder SB, Sirlin CB, et al. Noninvasive, quantitative assessment of liver fat
by MRI-PDFF as an endpoint in NASH trials. Hepatology 2018;68:763-72;

6. Middleton MS, Heba ER, Hooker CA, et al. Agreement between magnetic resonance
imaging proton density fat fraction measurements and pathologist-assigned steatosis
grades of liver biopsies from adults with non-alcoholic steatohepatitis. Gastroenterol-
ogy 2017;153:753-61;

7. Noureddin M, Lam J, Peterson MR, et al. Utility of magnetic resonance imaging versus
histology for quantifying changes in liver fat in non-alcoholic fatty liver disease trials.
Hepatology 2013;58:1930-40;

8. Permutt Z, Le T-A, Peterson MR et al. Correlation between liver histology and novel
magnetic resonance imaging in adult patients with non-alcoholic fatty liver disease
MRI accurately quantifies hepatic steatosis in NAFLD. Aliment Pharmacol Ther
2012;36:22-9;

9. Reeder SB, Hu HH, Sirlin CB. Proton density fat-fraction: A standardised MR-based
biomarker of tissue fat concentration. J Magn Reson Imaging 2012;36:1011-4

10. Ajit Ramakant Mahale, Sonali Dattatray Prabhu, Muthiah Nachiappan, Merwyn
Fernandes, and Sonali Ullal - J Int Med Res. 2018 Nov; 46(11): 4447-4454.

11.Bamber J, Cosgrove D, Dietrich CF, Fromageau J, Bojunga J, Calliada F,
Cantisani V, Correas JM, D'Onofrio M, Drakonaki EE, Fink M, Friedrich-Rust M,
Gilja OH, Havre RF, Jenssen C, Klauser AS, Ohlinger R, Saftoiu A, Schaefer F,
Sporea |, Piscaglia F. EFSUMB guidelines and recommendations on the clinical use
of ultrasound elastography. Part 1: Basic principles and technology. Ultraschall Med.
2013 Apr;34(2):169-84.

12.Shiina T, Nightingale KR, Palmeri ML, Hall TJ, Bamber JC, Barr RG, Castera L,
Choi BI, Chou YH, Cosgrove D, Dietrich CF, Ding H, Amy D, Farrokh A, Ferraioli G,
Filice C, Friedrich-Rust M, Nakashima K, Schafer F, Sporea I, Suzuki S, Wilson S,
Kudo MWFUMB guidelines and recommendations for clinical use of ultrasound elas-
tography: Part 1: basic principles and terminology. Ultrasound Med Biol. 2015
May;41(5):1126-4

13. Paratore M, et al. Quantification of hepatic steatosis with a novel attenuation imaging
ultrasound technique (QAI): Preliminary findings on reproducibility and diagnostic ac-
curacy. European Congress of Radiology 2022; Poster PO7-08.

14. Dietrich CF, Bamber J, Berzigotti A, Bota S, Cantisani V, Castera L, Cosgrove D,
Ferraioli G, Friedrich-Rust M, Gilia OH, Goertz RS, Karlas T, de Knegt R,
de Ledinghen V, Piscaglia F, Procopet B, Saftoiu , Sidhu PS, Sporea |, EFSUMB
Guidelines and Recommendations on the Clinical Use of Liver Ultrasound Elastography,
Update 2017 (Long Version). Thiele M. Ultraschall Med. 2017 Aug;38(4):e48.

.Oldenburg A, Hohmann J, Foert E, et al. (2005) Detection of hepatic metastases
with low Ml real time contrast enhanced sonography and SonoVue. Ultraschall Med,
26(4).277-284

16.Strobel D BT (2006) Diagnostik bei fokalen Leberldsionen. Deutsches Arzteblatt,
103(12):789-793.

17.Harvey CJ, Blomley MJ, Eckersley RJ, Cosgrove DO (2001) Developments in ultra-
sound contrast media. Eur Radiol, 11(4):675-689

18. Regge D, Campanella D, Anselmetti GC, et al. (2006) Diagnostic accuracy of portal-
phase CT and MRI with mangafodipir trisodium in detecting liver metastases from colo-
rectal carcinoma. Clin Radiol, 61(4):338-3475.

19. Bleuzen A, Huang C, Olar M, Tchuenbou J, Tranquart F (2006) Diagnostic accuracy
of contrast-enhanced ultrasound in focal lesions of the liver using cadence contrast
pulse sequencing. Ultraschall Med, 27(1):40-48

20. Bruix J, Sherman M, Llovet JM, et al. (2001) Clinical management of hepatocellular
carcinoma. Conclusions of the Barcelona-2000 EASL conference. European Associa-
tion for the Study of the Liver. J Hepatol, 35(3):421-430

21. Claudon M, Dietrich CF, Choi BI, Cosgrove DO, Kudo M, Nolsoe CP, et al. Guide-
lines and good clinical practice recommendations for contrast enhanced ultrasound
(CEUS) in the liver - update 2012: a WFUMB-EFSUMB initiative in cooperation with
representatives of AFSUMB, AIUM, ASUM, FLAUS and ICUS. Ultraschall in der Medi-
zin (Stuttgart, Germany: 1980). 2013;34(1):11-29.

22.Piscaglia F, Bolondi L. The safety of Sonovue in abdominal applications: retro-
spective analysis of 23188 investigations. Ultrasound in medicine & biology.
2006;32(9):1369-75.

23. Rubenthaler J, Reiser M, Clevert DA. The added value of contemporary ultrasound 36
technologies in the diagnosis of malignant tumours of the gastrointestinal system - a
case report. Med Ultrason. 2018;1(1):105-7.

24.Rubenthaler J, Paprottka KJ, Hameister E, Hoffmann K, Joiko N, Reiser M, et al.
Diagnostic accuracy of contrast-enhanced ultrasound (CEUS) in monitoring vascular
complications in patients after liver transplantation - diagnostic performance compared
with histopathological results. Clin Hemorheol Microcirc. 2017;66(4):311-6.

. Greis C. Ultrasound contrast agents as markers of vascularity and microcirculation.
Clinical hemorheology and microcirculation. 2009;43(1-2):1-9.

26. Nicolau C, Vilana R, Catala V, Bianchi L, Gilabert R, Garcia A, et al. Importance of
evaluating all vascular phases on contrast-enhanced sonography in the differentiation
of benign from malignant focal liver lesions. AJR American Journal of Roentgenology.
2006;186(1):158-67.

Esaote S.p.A. sole-shareholder company

1

wul

2

wul

27.Rubenthaler J, Paprottka K, Renz B, Rentsch M, Knosel T, Reiser M, et al. Inciden-
tal Diagnosis of a Carcinoid Tumor of the lleum using Contrast-Enhanced Ultrasound
(CEUS). Ultrasound Int Open. 2017;3(3):E122-E4.

28. Mueller-Peltzer K, Riibenthaler J, Fischereder M, Habicht A, Reiser M, Clevert DA.
The diagnostic value of contrast-enhanced ultrasound (CEUS) as a new technique for
imaging of vascular complications in renal transplants compared to standard imaging
modalities. Clin Hemorheol Microcirc. 2017;67(3-4):407-13.

29. Dietrich CF, Nolsge CP, Barr RG, Berzigotti A, Burns PN, Cantisani V, Chammas MC,
Chaubal N, Choi BI, Clevert DA, Cui X, Dong Y, D'Onofrio M, Fowlkes JB, Gilja OH,
Huang P, Ignee A, Jenssen C, Kono Y, Kudo M, Lassau N, Lee WJ, Lee JY, Liang P,
Lim A, Lyshchik A, Meloni MF, Correas JM, Minami Y, Moriyasu F, Nicolau C,
Piscaglia F, Saftoiu A, Sidhu PS, Sporea |, Torzilli G, Xie X, Zheng R. Guidelines and
Good Clinical Practice Recommendations for Contrast-Enhanced Ultrasound (CEUS) in
the Liver-Update 2020 WFUMB in Cooperation with EFSUMB, AFSUMB, AIUM, and
FLAUS. Ultrasound Med Biol. 2020 Oct;46(10):2579-260

30. Cantisani V, Ricci P, Erturk M et al. Detection of hepatic metastases from colorectal
cancer: prospective evaluation of gray scale US versus SonoVue® low mechanical in-
dex real time-enhanced US as compared with multidetector-CT or Gd-BOPTA-MRI.
Ultraschall in Med 2010; 31: 500-505

31.Muhi A, Ichikawa T, Motosugi U et al. Diagnosis of colorectal hepatic metastases:
comparison of contrast-enhanced CT, contrast-enhanced US, superparamagnetic
iron oxide-enhanced MRI, and gadoxetic acid-enhanced MRI. J Magn Reson Imaging
2011; 34: 326 - 335

32. Piscaglia F, Corradi F, Mancini M et al. Real time contrast enhanced ultrasonography in
detection of liver metastases from gastrointestinal cancer. BMC Cancer 2007; 7:171

33. Larsen LP, Rosenkilde M, Christensen H et al. The value of contrast enhanced ul-
trasonography in detection of liver metastases from colorectal cancer: a prospective
double-blinded study. Eur J Radiol 2007; 62: 302-307

34.Quaia E, D'Onofrio M, Palumbo A et al. Comparison of contrast-enhanced ultra-
sonography versus baseline ultrasound and contrast-enhanced computed tomography
in metastatic disease of the liver: diagnostic performance and confidence. Eur Radiol
2006; 16: 1599-1609

35. Gebo KA, Herlong HF, Torbenson MS et al. Role of liver biopsy in management of
chronic hepatitis C: a systematic review. Hepatology 2002; 36: S161-172

36. Seeff LB, Everson GT, Morgan TR et al. Complication rate of percutaneous liver bi-
opsies among persons with advanced chronic liver disease in the HALT-C trial. Clin
Gastroenterol Hepatol 2010; 8: 877- 883

37. Stotland BR, Lichtenstein GR. Liver biopsy complications and routine ultrasound. Am
J Gastroenterol 1996; 91: 1295-1296

38.Regev A, Berho M, Jeffers LJ et al. Sampling error and intraobserver variation in
liver biopsy in patients with chronic HCV infection. Am J Gastroenterol 2002; 97:
2614-2618

39. Mederacke |, Wursthorn K, Kirschner J et al. Food intake increases liver stiffness
in patients with chronic or resolved hepatitis C virus infection. Liver Int 2009; 29:
1500-1506

40. Arena U, Lupsor Platon M, Stasi C et al. Liver stiffness is influenced by a standardized

meal in patients with chronic hepatitis C virus at different stages of fibrotic evolution.
Hepatology 2013; 58: 65-72
. Berzigotti A, De Gottardi A, Vukotic R et al. Effect of meal ingestion on liver stiffness
in patients with cirrhosis and portal hypertension. PLoS One 2013; 8: 58742
42.Gersak MM, Sorantin E, Windhaber J et al. The influence of acute physical effort on
liver stiffness estimation using Virtual Touch Quantification (VTQ). Preliminary results.
Med Ultrason 2016; 18: 151- 156

43.Ying L, Lin X, Xie ZL et al. Clinical utility of acoustic radiation force in pulse imag-
ing for identification of malignant liver lesions: a meta-analysis. Eur Radiol 2012; 22:
2798-2805

44.Yu H, Wilson SR. Differentiation of benign from malignant liver masses with Acoustic
Radiation Force Impulse technique. Ultrasound Q 2011; 27: 217 -223

45.0nur MR, Poyraz AK, Ucak EE et al. Semiquantitative strain elastography of liver
masses. J Ultrasound Med 2012; 31: 1061-1067

46. Guibal A, Boularan C, Bruce M et al. Evaluation of shearwave elastography for the
characterisation of focal liver lesions on ultrasound. Eur Radiol 2013; 23: 1138-1149

47.Wein W, Khamene A, Clever DA, Kutter O, Navab N. Simulation and fully automatic
multimodal registration of medical ultrasound. Med Image Comput Comput Assist
Interv. 2007;10(Pt 1):136-43.

48. Zikic D, Wein W, Khamene A, Clevert DA, Navab N Fast deformable registration of
3D-ultrasound data using a variational approach. Med Image Comput Comput Assist
Interv. 2006;9(Pt 1):915-23

49. Clevert DA, D’Anastasi M, Jung EM. Contrast-enhanced ultrasound and microcircula-
tion: efficiency through dynamics--current developments. Clin Hemorheol Microcirc.
2013;53(1-2):171-86.

50. Jung EM, Clevert DA (2015) Possibilities of sonographic image fusion: Current devel-
opments. Radiologe 55:937-948

51. Brenner DJ, Hall EJ. Computed tomography--an increasing source of radiation expo-
sure. The New England journal of medicine. 2007;357(22):2277-84.

52. Michaely HJ, Thomsen HS, Reiser MF, Schoenberg SO. Nephrogenic systemic fibro-
sis (NSF)-implications for radiology. Der Radiologe. 2007;47(9):785-93.

53. Clevert DA, Paprottka PM, Helck A, Reiser M, Trumm CG. Image fusion in the
management of thermal tumor ablation of the liver. Clin Hemorheol Microcirc.
2012;52(2-4):205-16.

54. Clevert DA, Jung EM. Interventional sonography of the liver and kidneys. Der Radio-
loge. 2013;53(11):962-73.

55. Clevert DA, Helck A, Paprottka PM, Zengel P, Trumm C, Reiser MF. Ultrasound-
guided image fusion with computed tomography and magnetic resonance imaging. Clin-
ical utility for imaging and interventional diagnostics of hepatic lesions. Der Radiologe.
2012;52(1):63-9.

4

N

Via Enrico Melen 77, 16152 Genoa, ITALY, Tel. +39 010 6547 1, Fax +39 010 6547 275, info@esaote.com

CnTI™: The use of Contrast Agents in the USA is limited by FDA to left ventricle opacification and to characterization of focal liver lesions. Technology and features are system-/configuration-dependent.
Specifications subject to change without notice. Information may refer to products or modalities not yet approved in all countries. Product images for illustrative purposes only. For further details, please

contact your Esaote sales representative.

160000364MAK Ver. 03



